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been heavy rain for the  three  days preceding this date, and no Mr. Jacob. 
doubt  all  the subsoil drains were discharging freely. Moreover, 
it was probable that  the  fall of rain for a few hours  immediately 
preceding the  time of maximum flood was much  heavier than  the 
average  rate of fall for the whole twenty-four hours. 

Mr. Rawlinson’s remarks regarding  the  relative  advantages of 
dredging  and of embanking were  well worthy of attention. 
Evidently  there was  a limit  to  the  amount of dredging  that could 
bc executed through  districts  in which the  margin of the  river 
was bounded by  large  and costly buildings ; for any interference 
with  the foundations or footings of the walls would certainly be 
attended  with  danger  to such structures. One of the most formid- 
able difficulties to be contended with as regarded the  dredging of 
the Irwell  had been to find suitable  and sufficient places of deposit 
for the material. At a  seaport the  material could be sent  out  to 
sea and dropped in deep water,  but  this was impossible in  many 
localities, and  the only  remedy  was to improve the sections of the 
stream,  both cross and  longitudinal, so that a velocity would be 
obtained  which would carry  the silt down to  the estuary. The 
removing or reconstruction of existing weirs, and  the  straightening 
of the river’s course, combined with  the formation of substantial 
and sufficient embankments, would undoubtedly accomplish the 
desired end. 

Correspondence. 
Mr. WALTER R. BROWNE was  anxious to  say something in  support Mr. Browne. 

of Mr. Wheeler’s views as to  the cause of  floods. About 1868 he 
had been engaged, under Mr. Thomas  Howard, M. Inst. C.E., in 
investigating  the conditions of  floods in  the  River Tone a t  Taunton, 
which  had been greatly complained of, This  investigation  led 
him  to conclude that  the floods had  certainly become higher  and 
more  serious in recent  years, a matter  which Mr. Jacob appeared 
to  doubt;  and  that  the  greatest obstacle to  the flood waters  being 
successfully carried away as they rose lay  in a succession of mills, 
which  had been long established near  the town. He  trusted  that, 
in any legislation on the subject, the claims of mills would be 
closely inquired into, and  summarily disposed of in some way. 
The importance of such  mills, for grinding  the corn of the  district, 
had  long ceased to exist, and  with it the need for any special 
protection. Being mostly placed on shallow  rivers, with  little 
fall,  the wheels had to  be  wide and cumbrous ; and  the consequent 
loss of effect, with  that which arose in  the  bringing  up of their 
slow motion to  the speed required for grinding, made them in most 
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IIr. Bromne. places less rather  than more economical than steam power. At 
the same time  their  evil effects on the  river, from the contraction 
of the  waterways,  dwelt on by Mr. Vernon-Harcourt,  were very 
serious. I n  Ireland  he  had seen a  few roofless walls marking  the 
site of an abandoned mill, with  nothing  left  in  an efficient state 
except the  weir;  and  this weir, by  keeping up the water-level, 
was  drowning  and  rendering useless many  hundred acres of the 
richest meadow-lands bordering the  river for some miles above. 
Yet  if  any one had  set to  work to remedy this  by  breaking down 
the weir, he would no  doubt  have been met and stopped by some 
vested interest  in  the  ruined mill, powerful enough  to perpetuate 
evil,  though  utterly powerless for good. 

He  ought  perhaps  to  advert  to a  sentence in  which Mr. Wheeler 
spoke of having been led  to  an opposite conclusion to that  set  forth 
in  his own recent  Paper  as  to  the effect of tidal scour. That  was 
almost the only  sentence in  the  Paper  with which he did not agree. 
He did not see that  there  was  any  substantial divergence  between 
their conclusions. Mr. Wheeler, in  the same paragraph,  stated 
that  the  silting  up of the  Fen  rivers was  due to  the sand  carried 
up  with  the  tide ;” and also that “ in summer, when  the  fresh  water 
is small,” this silt remained instead of being  swept  away ; and 
then  went on to  say  that it was  desirable to remove all obstruc- 
tions, &C., so as to make the  run up and down as rapid  and 
nnimpeded as possible, and so reduce the deposit to a minimum. 
Therefore, Mr. Wheeler endorsed Mr. Browne’s conclusion that  the 
entrance of tidal  waters  into such rivers was nothing  but  an evil, 
and only insisted  that, if they did enter,  they should  be allowed to 
run  in  and  run  out  as  rapidly as possible-a proposition with which 
he cordially agreed. 

There  was one other sentence with which he was not satisfied, 
and  that was where Mr. Wheeler stated  that  the  quantity of water 
at  spring  tides  was  six  times as great as a t  low water,  and  must 
therefore  have a greater effect.  Kow this  practically ~ e a n t  that 
the  river  was much deeper at the  top of the  tide  than  at low 
water,  say l 5  feet deep instead of 5 feet;  and  he would ask 
Mr. Wheeler to  explain  in  what  way  he considered that  the  water 
in  the  upper 10 feet  was able t o  operate in producing scour upon 
the bottom of the  river,  which was 5 feet  further down. He 
had himself given reasons 1 why increased depth should  diminish 
the scour at  the bottom, but  he failed to see any reason why it 
should  increase it; and it was time  that  the numerous engineers 

Vide Minutes of Proceedings Inst. C.E., vol. h i . ,  p. 84. 
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who  appeared to  take  the  latter view should give at  least some Mr. Browne. 
ground for their opinion. 

The Rev. J. C. CLUTTERBUCK remarked that  the frequency of J. c. 
floods, and  the damage caused by  them,  had been put  forth  in proof Clutterbuck. 
of the necessity of placing the rivers, as  main  arterial  drains of the 
watersheds of England,  under Boards of Conservancy, armed with 
legal powers to  carry  out remedies for acknowledged evils. It was 
obviously impossible to devise a scheme by which all  rivers  and 
their watersheds could be dealt  with alike. Take  the watershed 
of any  river,  and it would not be found  practicable to calculate the 
flooding capabilities with reference to  its measured surface  area, 
due to its geological condition. In  the chief rivers  finding  their 
outfall  in  the Wash, as  in  all cases, the geological condition varied. 
So, in a  remarkable way,  the  Thames  in its upper  district  gathered 
its waters from the  springs of the chalk, and oolitic, and liassic 
strata,  and  the surface  waters of the  Gault, Kimmeridge, Oxford and 
Lias clays. These latter were to a great  extent covered with sand 
and gravel, in which the  water accumulated, from the surface of 
which it would not flow, and whence floods were not augmented 
except in some instances of artificial  drainage. 

It was evident  that  the Conservancy of the Thames, except in 
the case of the pollution of its tributaries, did not  extend beyond 
the main  stream, of whioh, for the purposes of navigation,  mill- 
power and  the  supply of water  to London, it was the  guardian. 
It was to be regretted  that  until  lately  the  riparian owners  repre- 
sented  by  the  Thames Valley Drainage Act, had  not availed 
themselves of the assistance which the  Thames Conservancy alone 

Much had been done of late  years  to  repair  the neglect and 
dilapidation which  had accrued before the  Upper Thames was 
placed under  the care of the present Conservancy Board. In   the 
existing condition of the  river  and its watershed, little could be 
done permanently  to  regulate  the floods and  hinder  the mischief 
caused by  them  until  the  riparian owners of property improved 
the  drainage  and increased the  carrying powers of the  tributaries 
and  their watersheds. Take, for instance, the  district known as 
Ottmoor on a bed of the Oxford clay, naturally drained by  the  River 
Ray, a river passing over a flat surface sometimes so reduced in 
volume  as to be nearly  dry, so that no mill  had been built upon 
it, yet  frequently flooded, and scarcely at  all relieved by  the 
Cherwell, into which it flowed at   the village of Islip.  Thus  the 
floods were protracted  and  stagnated on a soil rendered  almost 
valueless from these causes ; the Conservancy of the Thames had 

could give. 
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Rev. J. C. no power to remedy the evil, nor 'was it reasonable that  they 
C1utterbuck. should have it. 

There were other  districts  drained  by  the Evenlode, Windrush, 
and  smaller  streams above, or  the Ock, the  Thame,  the  Kennet, 
the Loddon and Coln below, which in a  perfect  system would need 
improvement, as they more or less contributed  to  the flood waters 
of the  main  stream,  though some  of these mainly depended on thc 
springs of the  Chalk  stratum for their  supply. 

There was  a general impression that  the volume of the floods in  
the  Thames  had been increased by  the extension of agricultural 
land  drainage;  but  the record of the  height of recent floods as 
compared with those of fifty  years ago, under  similar conditions, 
did  not favour that impression. 

The soil, which on an  average would absorb  one-fourth of its 
weight of water  when  dry, even in  the  winter  gave off a considerable 
amount of moisture by evaporation ; this  must be  replaced before 
any moisture could descend to  the  water bed, or point a t  which 
the soil was  surcharged  with water. That  which Mr. Wheeler 
said with reference to  the different amount of rainfall,  by  which 
the summer floods were produced, rather favoured this  view;  the 
absence of  flood was due  to  the  small  amount of rain  in  the  month 
of June 1867, preceding the  July  in question, twenty-four days 
from nearly  the  beginning of June t o  the  end of that  month 
having passed without rain.  Whereas the  heavy  freshets  in  July 
1872 and  the flood  of 1880 were preceded by  wet  times;  in  other 
words, the absorption of the  rain  in one case, and  the previous 
saturation of the soil in  the  other, accounted for this. So in 1868, 
l by ,  June,  and  July,  months  with  great evaporation from the 
soil, had less than  half  the average rainfall,  leaving a  largo 
amount of water  to be replaced by  the  autumn  rains ; hence it was 
that,  notwithstanding  the  prevailing impression to  the  contrary, 
land  drainage  did  not  augment  the volume of the floods to  the 
extent supposed. This too was  borne out  by  the experience of 
many years. When  the soil was water-logged,  evaporation  was 
not so rapid as when  the  water  sank  into  the surface. When  the 
surface was  surcharged  with  water  every shower came away  in 
flood, whereas in  drained land  the  rain-water  must first replacc 
that evaporated, which tended to decrease the  amount given off  by 
drains. The action of a Board of Conservancy  should as far as 
possible be confined to  the  main  stream;  without  this was duly 
attended to, the relief of the whole watershed could not be fully 
carried out. No expense  should  be spared  by  the  riparian owners 
t o  give  vent to  the  water of the  tributaries, often allowed to  stag- 
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nate on the surface of the soil, by  which floods were protracted, Rev. J. C. 
and  great damage done to  the  district  where  these floods prevailed. 

Mr. L. Gnos, Inspector General of Roads and Bridges, had been Mr. Gros. 
much occupied with  this question in France, principally  in connec- 
tion  with  the improvement of rivers as navigable channels, and 
the means of preventing damage from floods. He  had also acted 
as  president  and  reporter of a colllnlission of engineers  appointed 
to  inquire  into  the causes of the disastrous floods in  the Theiss a t  
Szegedin in 1879,l and  to  suggest means for preventing  their 
recurrence. He  thought  that  the recommendations of that com- 
mission would be of interest  in connection with  this discussion, 

' and therefore  begged to present to  the  Institution a copy of the 
report, from which the following particulars were  gathered. 
Having obtained the most exact  information extant  as  to  the 
height reached by  the  water  in  the  greatest  known floods, the 
commission made a  careful study of the regimen of the  river,  and 
also examined  a large  number of embankments, some of them  in 
process of reparation or of being raised. It was  found that  the 
method of repair,  as well  as that of construction,  was in  general 
very imperfect, and  that  the  banks were nearly  everywhere of 
insufficient thickness. But  thc  greatest  default was in  the too- 
contracted width of the  channel between the banks, and  in  the 
mode of carrying  out  the works by different companies, who acted 
on the principle of following the course of the  stream,  and of 
reclaiming in  their sections as much land as they possibly could, 
without  having  regard  to  the system most beneficial for the  river 
as a whole. 

I n  view of these facts the Commission were of opinion that  the 
widening of the  river  where it had been unnaturally contracted 
should a t  once be proceeded with,  and  the obstructions caused by 
plantations of trees  in  many cases bordering the  outer sides of the 
training  banks should  be removed. The  banks should  be  widened 
SO as to give in  all cases a top surface of a t  least 23 feet broad 
(instead of from 64 to 8 feet), and  they should be maintained a t  a 
height of not less than 1 metre (3.28 feet) above the  highest 
known flood. The  augmented  width of the  banks  might be  utilized 
by  convertiqg  them  into roads which would to some extent 
neutralise  the  attacks of noxious animals such  as moles, whose 
ravages  were  a fruitful source of failure  in  ordinary banks. The 
present  system of benches adopted for strengthening  the  inner 
slopes of the embankments was commended as excellent, and it 

~~ 

Vide Minutes of Proceedings Inst. C.E., vol. lis., p. 381. 
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JIr. GIW. was  suggested should  be everywhere adopted. More attention 
should  be  paid to  the effectual grassing of the slopes, which a t  
present was left  pretty much to haphazard. The inclination of 
the slopes was a point of capital importance ; it was  reconmended 
that  this should  be as gentle as possible on the  rirer side, say, 
1 in 3, and 1 to 1 landwards, both for the main bank  and  the 
bench. The maintenance of the banks, now carried out  in a 
perfunctory  manner  by various interests, should  be systematised 
and placed under  the immediatc  control of the Government. Iu 
order  better  to preserve the  banks  against  the sudden effects of 
floods, the system of warnings followed on other  great  rivers should 
bc introduced. The desideratum was  that t.he companies or persons 
interested should understand, once for all, what was necessary to 
be done when  they received notice of an expected flood. Finally, 
the Commission attached  great importance  to the adoption by  the 
superior  administration of more stringent supervision of the local 
companies. It was absolutely necessary that  all these bodies, 
without exception,  should submit  any plans for isolated improve- 
ments  to competent engineers appointed by  the Government,  who 
would exercise their functions in  the  interests of the whole valley. 
It was  further  to  be desired that  the execution of new works 
designed  for local requirements, as well as the maintenance of 
those  existing, should be  under  the surveillance of government 
inspectors having  full powers. 

With  regard  to  the mode of raising  the  funds for carrying  out 
future improvements, it was  suggested where,. as occasionally 
happened, the means of some of the societies were not  equal  to 
their  share of the work, a general  levy on the  funds of all  the 
associations should  be made to  supply  the deficiency, or that a 
modification of the  system followed in  France should be introduced, 
whereby  the  surplus cost of necesmry  public  works in  departments 
too poor to  pay  the whole was  defrayed by subventions from taxes 
levied  on the  departments  in general. 

Mr. Gros also presented to  the  library of the  Institution a book 
of the official regulations adopted in  France for working  the system 
of flood-warnings; and a copy of a memoir by himself on the 
insufficiency of impounding reservoirs to cope with floods. (Ab- 
stracted in  the Minutes of Proceedings, vol. lxvi., p. 408.) 

Mr. Hagen. Mr. G+ HAGEN observed that of late  the opinion had been 
expressed by eome engineers, when exceptionally high  or  very 
low  water  had been observed in rivers, that  the cause was the 
always  increasing  extent of cultivation. The  felling of forests, 
the  drainage of marshes, and  the numerous larger  and smaller 
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drainage  channels  necessitated by  agriculture,  caused  a more rapid Mr. Hagen. 
flow of the  rain to  the rivers  than previously.  Hence the  rivers 
were at  times more copiously supplied,  and  afterwards, in periods 
of drought,  less copiously. Experience showed this phenomenon 
without doubt in many little brooks so markedly that  the action of 
cultivation  in  the  matter could not be mistaken. From  this it had 
been assumed that  the same consequence must follow in  the case 
of larger rivers,  and that provision  should  be made lest  the  further 
extension of cultivation  should occasion the greatest  dangers, partly 
from the more extensive flooding, and  partly from the  shrinking of 
the  river discharge. 

In the Parliament of the German  Empire  two  years  ago this was 
alleged as  an undoubted  fact,  and the Government was requested 
to consider this imminently  increasing  danger.  Shortly before, 
the same opinion  was  expressed in  the Academy of Sciences at  
Vienna ; and the Royal Academy of Sciences in Berlin,  and  those 
at  Copenhagen, St.  Petersburg,  and  perhaps elsewhere,  were  in- 
vited to  consider how the evil could be  obviated. It was  remark- 
able,  however, that  the Vienna Academy based this  invitation,  not 
so much on experience  gained in Austria,  as on the Prussian 
observations of the water-level of rivers. 

This led  him t o  investigate  whether the observations  made  for  a 
long  time  daily a t  numerous  stations on Prussian  rivers,  and 
carefully  tabulated,  furnished  such  a  result.  The  Minister of 
Public  Works  willingly  gave  him  permission  to  consult  and  make 
use of the tables of water-levels  deposited with him. 

It ought  not t o  be left  out of consideration that before 1846 the 
invariability of the position of the ‘‘ Pegel,”  or  scale, on which 
the  height of the water-surface  was  read,  did  not  always  receive 
the necessary  attention. It appeared,  then, that one of these 
scales had  been  raised, during about ten years, by degrees,  about 
2 feet,  probably by  the ice ; it consequently  indicated the water- 
level  much  lower  than before. I n  consequence of this observation, 
it was  arranged, in  1845, that  the scales  should be compared  from 
time  to time,  and at  least  annually, by careful  levelling  with 
different fixed points in  the neighbourhood,  and that when marked 
differences  were  found the scales should be readjusted. The  earlier 
observations could not, therefore,  be taken as trustworthy,  and 
were  only used if  other  circumstances confirmed the record. This 
was fortunately  the case with  the scale of the Rhine at  Diisseldorf, 
which  was  cut on an old but  still firm wall,  and  had  been  observed 
daily  since the beginning of the century. 

He chose for  each of the  principal  rivers two  stations,  which  were 
[THE INST. C.E. VOL. LXYII.] X 
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Mr. Hagen. most convenient for the purpose, and found for these, or calculated 
for  each year of the whole period during  which  the observations 
appeared  satisfactory, both  the mean, the absolute highest  and  the 
absolute  lowest  water-level. Then  he  inquired  by a  methodical 
proceeding, in  which  all  the  data  were assumed to  be  equally 
valid, whether a progressive raising  or  lowering of the  water- 
surface could be  inferred  with safety, or with a certain probability. 
He  must  remark  that none of the  stations was exposed to  the 
influence of the flow and ebb. The  result of this research he  laid 
before the Academy,’ and it had been published in  the volume for 
1880. Two  other  reprints of it had been issued, besides an  abstract 
in  the  Zeitschrift  fur Bauwesen. 

It appeared that  in general, during  the period of from thirty- 
four  to  eighty years, while  in  all  catchment basins important 
works of cultivation were undertaken, no  marked change of the 
kind feared  was to be recognised. The observations a t  Diisseldorf 
were especially important,  partly because they embraced the 
longest period, partly because taken on the Rhine,  which,  according 
to  the Vienna data,  and also according to  the  statements  in  Parlia- 
ment,  ought  to  have indicated the danger. The careful investiga- 
tion showed directly  the reverse ; it proved satisfactorily  a pro- 
gressive sinking of the  highest water-level, and  at  the same time, 
with some probability, a slight  raising of the lowest water-level. 

With  regard to the different stations  investigated, it seemed 
that  the mean  water-level of the  Rhine,  the Mosel, the Weser, the 
Vistula,  the  Pregel,  and  the Memel had remained  unchanged 
during  the period  considered;  for the small, sometimes positive, 
sometimes negative changes which  the methodic treatment ex- 
hibited  as probable, did  not exceed the values of the probable 
error. This was true also of the observations made at  Frankfort, 
on the Oder, with some probability,  while those kept  at Neu- 
Glietzen, on the same stream, permitted a  small progressive sinking 
to  be conjectured. For the  Elbe, on the contrary, both  stations 
give decisively a sinking of the  annual mean water-level;  yet it 
ought  not  to be  unmentioned that  at  Torgau, for the  twenty-seven 
years from 1819 to 1845, a regular  raising  might  with  greater 
probability  be recognised. 

The absolute highest  water-level of each year on the Rhine, the 
Mosel, the Weser, the Elbe, the Oder, and  the  Pregel showed a 
probable  progressive sinking,  which for some of these  stations was 

1 Vide ‘‘ Ueber  Veranderung  der  Wasserstande in den  Preussischen Stromen.” 
Kiinigl. Acad der Wissenschaften zu Berlin, 1880. 
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even certain. For  the Memel, and one station on the  Vistula, it 8fr. Hagen. 
remained  constant, while for the  other  station on this river, with 
some probability, it was regularly raised. 

Finally, as to  the absolute lowest water-level, for the  Rhine, 
with some probability, and for Hoxter on the Weser,  a  progres- 
sive raising was satisfactorily  exhibited. For  all  other  stations 
an  increasing  sinking could be  inferred. 

If, according to  these researches, the water-level of these  rivers 
in  the given period had suffered some changes, it ought to  be 
attributed not to  the extension of cultivation, which in  part  had 
had  an opposite influence, but  to  the  regulation of the rivers. ~ 

This caused the progressive sinking of the  highest  yearly  water- 
level  exhibited,  with few exceptions. The regulation had been 
carried out freely,  especially in  the  interest of the navigation, so 
that  in  the shoal parts a deeper waterway was formed ; then a 
stronger  current was  established, and  the discharge of the  water 
was facilitated, both  in  the  part  dealt  with,  and  throughout  the 
river.  By  this  yet  another  important  advantage was  obtained, 
bearing on the  inquiry. I n  continuous  frost, and also at  the 
breaking  up of the ice, when ice-blocks drifted, a  deep channel was 
not easily dammed. The firm cover formed over it, on which  new 
ice-flakes were  continually  driven,  did  not so easily take  the  ground 
as when a shallow bank reached from shore to shore. The  channel 
did not possess absolute  safety, but  herein consisted the safest 
means of preventing a  dangerous ice-block. Accordingly, as  far 
as possible, sharp bends and  very  irregular  widths of the  channel 
should  be removed. By  this  the discharge would be facilitated, 
and  at  the same time  the  opportunity  taken  away for the ice- 
blocks to accumulate in places, which they  always did if they 
passed from a rapid  stream  to a wider channel, where  the move- 
ment almost ceased. 

The  regulation of the  river valley, SO far as it was subject to 
floods, had also been latterly  undertaken. It should  have, as far 
as possible, a straight direction and a  uniform width.  Ordinarily 
these conditions could only  be imperfectly satisfied, but it often 
succeeded to construct regular passages (sanfte  Uebergange), and 
to remove abrupt dykes,  detached  buildings, and  other artificial 
obstructions, as well as trees and underwood. This care for the 
unhindered  and  regular discharge of the  water, both in  the  channel 
of the  stream  and  in  the whole flooded valley,  was without  doubt 
the cause that  the  highest water-level was lower than formerly. 

The  regulation of the  stream  had also an  important influence on 
the lowest water-level. So soon as a shallow was replaced by a deeper 
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Mr. Hagen. channel, the water above was  somewhat  lowered. Still more did this 
happen  if  a  wide  sinuous  channel was replaced by  a  straighter  and 
shorter one. Since the  important  works of this  kind on the Ober- 
Rhine,  between  Baden  and  Rhein-Bayern, came into  operation 
after 1820, there  had been a marked  lowering of the water-level 
above. This was the object of the works  executed in  the previous 
century on the Alle, a  tributary of the Pregel,  which was t o  be 
made  navigable.  The  countless  granite blocks lying  in  the bed of the 
river  were removed to  a  prescribed  depth. At  the beginning of the 
operations, the navigable  depth was obtained  over  a  short  distance 
as  desired,  but on proceeding the  depth  diminished t o  what it was 
before. The bed was lowered, but  the water-surface  sank just as 
much.  Such an  unfortunate consequence did  not  arise with  large 
rivers,  which  never  had so great  a  fall.  Nevertheless,  foresight 
was  often  required  even  with  these,  to  extend  over  a  greater  length 
the diminution of width,  by  which  a  deeper  channel was formed 
and maintained; or if a  superfluous  depth  was  obtained,  to 
diminish it by low  sills (Schwellen), in order that above the 
regulated  section  the  water-level should  remain at   the height 
which  navigation  and  farming  required.  This  motive,  which  had 
been hitherto  little  regarded, was now taken  as  a  basis of projects. 
If,  therefore,  according  to  observations  in  German  rivers,  the 
lowest  water-level was found in  many cases to  have  sunk,  the 
reason of it ought  to  be  sought  rather  in  artificial  regulation  than 
in diminished  discharge. 

Mr.deLagrdn6. Mr. H. DE LAGRENE, Engineer-in-Chief of the  Third Section of 
the Seine  Navigation,  regretted that  the Papers  did  not  contain 
sufficient  details of the embankments, locks, dams, &C., t o  allow of 
the enunciation of other  than  general propositions  concerning the 
subject  under  discussion. 

If  he  rightly understood the two  communications, the rivers 
mentioned  were more  or less  encumbered by shoals, resulting from 
floods and  from the refuse of manufactories,  and  they had been 
treated  in  various ways in  the direction of preventing  inunda- 
tions,  procuring the reclamation of marsh-land,  and  improving the 
navigation,  but  that  for some reason the results  were  not  satis- 
factory.  The  following  were  the  principles upon  which  he  should 
recommend future  improvements to  be carried  out  :-First, com- 
bined  action. One of the reasons why  the  existing works  had not 
produced all  the benefit  anticipated was, that  they appeared t o  have 
been  designed  and  executed on local lines ; that was to  say,  without 
regard  to  any  general  plan,  and  without  the  control of a  superior 
authority t o  care  for the  interests of the whole  valley. It resulted 
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that  the works of one section clashed with those of the  other  parts, Mr.deIngdnt. 
that  their maintenance  was  perfunctory, and  that  large sums had 
been expended in  litigation instead of in  river  improvement; 
finally, that  certain privileges appertaining  to  riparian ownership 
had had to be respected, although  known  to be hurtful  to  the 
regular flow of the waters. 

Mr. Lagrbn6 did  not know whether  the  English  law allowed 
this capital default  to be amended; it appeared evident  to  him 
that, for the welfare of such  important  streams  as those under 
discussion, it was necessary that  the conservancy should be a 
uniform  system  applicable to  the whole valley, and should  be 
under  the direction of a  superior authority,  entrusted  not only 
with  the power of sanctioning the proposed works, but also of 
superintending  their execution. The same authority (one for 
each valley)  should have  the manufactories under  their  sur- 
veillance, and  have power to  prevent  the abuse of water  privileges 
by  the occupiers. The points to be aimed a t  were : 1. Protection 
against  inundation ; 2. Reclamation of marsh-land ; 3. Efficient 
navigation; 4. Sanitation  and  water-supply of inhabited  lands; 
5. Use of water for industrial purposes and for irrigation ; 6. Fish 
preservation. Although some of these  might conflict with others, 
the aim  should  be to  satisfy  the whole of them  as  far  as  might be. 
He would only refer to  the  two subjects, floods and navigation, 
dealt  with in the Paper. 

Secondly, works for preventing floods. The  Authors were 
right  to reject large impounding reservoirs, as, in order to be of 
use, they would have  to be placed low  down in the valleys, where 
the  land was generally most valuable, and  their construction 
would be costly. Also, their functions would be exercised a t  
times  irregular  and  far  apart,  and  they would induce serious 
opposition from the  neighbouring  inhabitants. 

Longitudinal banks, notwithstanding  their occasional failure, 
offered the best  preservation against floods, but  certain considera- 
tions  attached  to  their establishment. For instance,  as no absolute 
knowledge could be obtained of the  height of future floods, no 
ordinary  embankment should  be considered as offering absolute 
security,  and  the riverside  owners  should understand  that  bursting 
of the  bank  was a  contingency to be allowed for, which it would 
be prudent  to meet by some sort of accident assurance. Further, 
it was  advisable not  to make the  banks unnecessarily  long, 
because the more mope allowed to a flood the less dangerous it 
became, and consequently the less scour would occur in  the  river- 
bed and banks. The embankments  should  therefore  be confined 
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Mr.deLagre'n4. to places where floods were  prohibitive, and  the  height of such 
embankments should  be  proportioned to  the value of the  lands 
protected  by  them.  Thus,  in towns, high embankments  were 
advisable, so as to give, as  far  as possible, absolute protection. 
For a wide fertile  plain a bank should  be made of height adapted 
to  the  value of the produce and  the mode of cultivation.  For land 
of small  value and  lying fallow, it might possibly be worth  while 
just  to  diminish  the chances of inundation  by  putting  up a  low 
bank;  then, as the land became more valuable, or was brought 
under  cultivation, good reason might be found for raising  the em- 
bankment piecemeal until  nearly absolute security was attained. 

To  sum  up, it should be  the aim to  limit, as far as possible, the 
parts embanked, and  to proportion the  height of the  banks  to  the 
value of the  parts protected. The profile would show  a certain 
number of discontinuous  embankments,  between which  the waters 
would circulate  freely,  gradually  raising  the surface of the soil by 
deposits, sometimes fertile, sometimes inert,  and diminishing by 
dispersion the  height  and  the velocity of the flood. 

The  Paper  relative  to  the  Irwell alluded to various cuts  to 
straighten  the channel, and  hasten  the discharge of  floods. 
Perhaps  he  had  not  properly understood the objects of these 
cuts. They  might do t o  preserve the embanked portions, but it 
appeared to  him  that  they would be very dangerous  if used for 
discharge  instead of the  natural bed. They would virtually pro- 
duce an artificial flood greater  than  the  natural  one;  further,  the 
greater velocity resulting from the  steeper  incline would occasion 
scour, and, sooner or  later, deposits. 

Thirdly,  navigation works. I n  rivers  like those under con- 
sideration,  namely, of small  tidal capacity, and of a character more 
or less torrential, efficient navigation could only be secured by  the 
provision of locks and dams, unless, indeed, it were  preferred to 
discard the  natural bed and  to  construct a lateral canal, as Brindley 
had done in the case of the  Bridgwater canal. But  this solution 
might be  disregarded, as it was  not  referred to  in  the Papers. 
Mr. Jacob's Paper discussed the question whether  or no the locks 
on the  Irwell  had raised the surface of the floods. The  particulars 
given were not  enough  to enable an opinion to be formed on this 
point. It was  evident  that  the influence of such works would depend 
upon  their disposition, of which Mr. de Lagrhi:  knew  nothing. 

I n  a general  way it might  be assumed that a lock combined 
with a fixed dam exercised an  injurious influence on the discharge 
of floods, and  the passage of solid bodies brought down by  the 
current. On the  other  hand, a lock combined with a movable 
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dam, especially if the lock-gates allowed of its being  fully opened, Mr.de  Lagrhe‘. 
might be taken  as  quite harmless. 

Mr. Wheeler’s Paper alluded to various modes  of training  and 
improving  the channels of rivers in their outfalls, but no reference 
had been made to  the system of sluicing. The question of outfalls 
was otherwise too well understood in England for him  to offer 
any useful remarks on the subject. 

tion of the views held officially in  France on the prevention of 
floods. The  natural remedy in cases of overflow was  embankment. 
Banks  might be made high enough to be above the  range of floods, 
or  they  might be so constructed as not  to  be injured  by  water 
flowing over them.  Experience proved that so-called unsubmergi- 
ble embankments finished by  giving way, and  naturally  the  results 
in such cases were  much more disastrous than  in  the case of a 
natural flood. Except a t  very  great cost, it was impossible to give 
to unsubmergible banks a  solidity proof against all stress. In 
France,  they were no longer adopted, except for the protection of 
towns  and centres of population. Humnity,  no less than  the 
importance of the  interests involved, prohibited the abandonment 
to  their  fate of towns whose foundations, however imprudently 
originated, reached back far  into  the  night of time. A law of the 
28th of May, 1858, enacted that  the  State should undertake works 
for the protection of towns from inundation, providing also that 
‘’ the  departments, communes, and ownem should contribute 
to  the cost of the works in proportion to  their respective 
interests.” 

With such exceptions only  submergible  embankments  were now 
made in France. The less high  they were, the less subject to 
rupture.  Further,  they did not  entail  the  grave  disadvantage of 
depriving of fertilizing  irrigation  the  naturally submergible parts 
of the valleys. The difficulty here  principally  lay  in an economical 
consideration of local conditions. 

I n  the case of the  River Loire, a special disposition had been 
adopted. It had been decided to place a t  intervals  in  the  banks 
masonry overflows, of which  the  length (say from 400 to 500 
yards), and  the  height were of suitable proportion. The masonry 
was surmounted by a ridge of vegetable soil grassed, which 
would be carried away before the  water could attack  the banks. 
Immediately below these overflows the  land, purchased before- 
hand,  was protected from scour by  rough stonework. The sites 
of the overflows were so chosen that  the  water should do as little 
injury  as possible to  the valley. The  Jargeau overflow had  just 

Mr. E. MAL~ZIEUX would confine himself to a succinct indica- Mr. Mnalhzieux. 
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)fr. %falizieux. been finished on this  plan,  others were about to be built,  but no 
flood sufficiently high  to  test it had  yet occurred. 

The problem of the location and  height  to  be given to em- 
bankments, would be notably simplified if account had  not  to be 
taken of the  ancient levees, constructed here  and  there  without 
method, which could not be made to fit in well with  any  general 
scheme. All  that could be done in such cases, was  to  take  care 
that  the  evil  was  not exaggerated. The  law of May, 1856, enacted 
that  “there should not be  established without application pre- 
viously made to  the  State, who  should have  the  right to interdict 
or  to modify the works, any  bank  in  the submergible parts of the 
valleys of the Seine, the Loire, the Rhone, the Garonne, or  their 
affluents  hereinafter named.” Any infraction of this clause would 
be  punished. The  State could even (on payment of an  indemnity) 
shift, modify, or remove any  bank which might be proved to  be 
an obstacle to  the  free passage of water,  or sensibly to  prevent  the 

About twenty  years ago  much attention  had been directed to 
another means of preventing,  or a t  least of diminishing  the effects  of 
floods. Vast reservoirs  were to be made, kept  empty  during  the 
dry season, in  which  might be retained  the  water from heavy 
rainfalls, so that it might be released progressively and a t  precon- 
certad times, in  such a  way as  to  prevent  the coincidence and  the 
accumulation of the flood water from several rivers of the same 
basin. It had been  found, however, that  this  plan,  very simple 
in  theory, would  be difficult and  uncertain  in practice, and  that it 
might  under some circumstances  do more harm  than good. This 
was referred to  in a  paper in the ‘‘ Annales  des Ponts et  ChaussBes,” 
vol. ii. of 1861, p. 6.’ 

Besides works  executed or contemplated  for dealing  with floods, 
mention might be made of the system of warnings,  as an efficient 
means in  the same direction. Methodical observations of the 
varying  height of a certain  number of streams, taken  in  the  upper 
part of the principal affluents of each basin, and telegraphed t o  an 
engineer for collation, enabled him  to forecast to the  stations below 
the probable course of the flood about  to commence, notably  as 
concerned its duration  and extreme height  at  the most important 
points of the valley. On receipt of these warnings,  which were 
becoming every  day more trustworthy,  the movable dams were 
opened, lower quays cleared, and  the  riparian occupiers on the 

. range of lands submerged. 

Abstraoted in the Minutes of Proceedings Inst. C.E., vol. lxvi., p. 408. 
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alert. By this means important  results were  obtained at  little Mr. Maldzieux. 
cost.1 

Mr. Malbzieux would also refer to  the police regulations long 
existing for the protection of riverain  property  against inundation. 
By  law 16-20 August, 1791, the Prefect of a Department  had “ to 
seek for and indicate the means of procuring  a  free  discharge of the 
waters, to  prevent  the  lands being  submerged by  the too great 
raising of the sluices of mills  and  other works established on 
rivers ” . . . . As the Prefects are  all  in  that  way,  under  the 
orders of one special minister, there is no occasion to dread 
here  that conflict of jurisdiction  and  interests so much deplored 
in  England.  This  has  an  advantage  naturally  resulting from cen- 
tralised  administration. The Prefects may decide, without reference 
to  the Minister, but on the advice or the proposition of the chief 
engineer, as to the  repartition between manufactures and agricul- 
ture of the  waters of streams not  navigable nor floatable, according 
to  the  manner prescribed by  ancient custom and local usage. 

I f  it were sought not to  prevent  injury from superfluous water, 
but  to  hinder it from reaching the sea without doing  useful work, 
recourse might be had to reservoirs. That of Rochetaillbe, described. 
in  the “ Annales  des Ponts et  ChaussBes,” 1866, vol. ii., p. 184, ful- 
filled two objects. I ts  lower part,  from  the bottom to  an  extreme 
height of 44 m. 50 c. (146 feet), say a capacity of 1,200,000 cubio 
metres (264 million gallons), was entirely devoted during  the  dry 
season to  supplying  with  water  the town of St. Etienne  and several 
factories a t  Furens.  The  upper  part, 5 m. 50 c. deep, and of 
400,000 cubic  metres  capacity (88 million gallons), served to 
retain  the injurious part of the floods. For  this purpose it was kept 
empty  at  ordinary times. The  Settons reservoir, of a  capacity of 
23 million cubic metres (5,060 million gallons), sure  to  be filled 
every year,  served to  augment  the volume of low water in the 
Yonne and  the Seine above Paris. Other reservoirs lately constructed 
proved that for  alimentation these works retained  their  utility. 

Replanting mountains, of which  the use was at  one time con- 
tested, would contribute powerfully to a  regulation of the regimen 
of rivers, by diminishing  inundations, and  augmenting  the low- 
water flow. This would yield  a double and immense service to 
agriculture  and  to  industry. Much was to be hoped for in  this 
direction from the special department constituted in  France  under 
the Minister of Agriculture. 

I n  regard to public  health, a law of the  16th of September, 1807 
In a  paper in the  “Annales des Ponts et ChaussQs,” vol. i. of 1880, p. 579, 

was proposed an ingenious mode of notation and of representation of the obserra- 
tions  made on the  height of rivers. 
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Mr. Ifale‘zieux. (Art. 35),  enacted that 6‘ all measures of health concerning  towns 
and communes will be ordered by  the Government, and  the costs 
supported  by  the communes interested.” By reason of this,  the Ad- 
ministration could interdict  towns from discharging  their sewage 
into  rivers below their  jurisdiction,  without previous purification: 

As regarded  the preservation of fish, a law of the  15th of April, 
1829 (A-rt. 2 9  amended by  an order of the Court of Cassation 
of the  25th of January, 1859, had  partly provided another of the 
desiderata  indicated in  English legislation. This  law prohibited 
discharging  into rivers, a t  least  into  navigable  or floatable rivers, 
the  only cases to  which  the  law applied, the refuse of manufactures 
hurtful  to fish. 

M ~ .  Price. Mr. J. PRICE, being engaged in  the  Loughs  and  River  Erne,  had 
gone very closely into  the  question;  without  anticipating some 
future description of this work by  way of comparison, he would 
state,  that  the  catchment basin exceeded 1,000,000 acres. The 
works would extend over  a tableland  about 70 miles in  length, 
practically  level  throughout,  having  in a length of 53 miles a fall 
during summer of only 2 feet ; from this  tableland  the  river would 
have a fall,  along a rocky  channel, of 152 feet  in a  distance of 5 
miles to Ballyshannon,  where it fell  in a cataract  into  the  Atlantic. 

The channels  were  calculated to discharge 0 * 4 of an  inch of rain 
from the whole catchment basin in  twenty-four hours. Such floods, 
however, would  be of short duration, perhaps  never longer than  two 
days ; lesser floods  of 0 * 25 of an  inch would last longer, but from 
the  equalising effect of the lakes acting  as reservoirs, the  shorter 
and  heavier floods, and  longer  and more moderate floods, could be 
dealt  with  in  the same manner  and discharged without flooding 
the margins. 

Of the whole 70 miles  over which  the works  extended about 
40 were comprised in  the lakes. These lakes covered about 
40,000 acres. The floods rose 9 feet and flowed over 17,000 acres. 
The  works consisted principally of rock and  earth excavation, not 
much  being of an  alluvial  nature.  The navigation would be pre- 
served and  much improved, affording 60 miles of water  in one 
level without a lock. All previous plans divided the naviga- 
tion  into levels. Such  another  inland level did not  exist  in  the 
United Eingdom. At  the  outlet  there would be four  large sluices 
each with 29 feet  clear waterway,  and  15  feet head ; they were to 
be constructed  on the system of Mr. F. G. M. Stoney’s roller-sluices 
worked by  turbine.  The  outlet would be connected by  telegraph 
with  the  distant portions of the  upper lake, and would automati- 
cally  register  every rise, enabling  the  attendant  to open the sluices, 
and, by lowering the adjoining  lake, to  anticipate  all floods by at, 
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least  two days. The minimum  channels during flood would have Mr. Price. 
1 square foot of sectional area  for every 390 to 423 acres of catch- 
ment basin. There would be  no embankment;  neariy  all  the 
stuff would be dredged and deposited in deep water from hopper 
barges. 

Mr. Price  did not approve of keeping the  river channels small 
to avoid weeds. Weeding  was  a matter easily accomplished by a 
revolving and self-cleaning steam-rake;  he preferred having  the 
channels deep, and he would recommend, when  the bottom was 
soft and  to be  excavated by  dredging, a  channel of a depth  in  the 
centre of about one-seventeenth of the surface width,  and of the 
form of a  hyperbola, of which the  natural slope of the soil would 
be the  asymptote;  this was a natural form preferable to  the 
trapezoidal form generally adopted. 

He would lay down the following general principles :- 
l. That it was possible to combine drainage, mill-power and 

navigation, by  the use of sluices instead of fixed weirs, aided by a 
telegraph to  forewarn of coming floods. 

2. Where  there were no lakes on the course of the river, certain 
suitable  lands should  be enclosed by low  embankments so that  the 
greater floods of winter  might  lie on them for a short time, generally 
to  their  great benefit ; but  that  the channels  should  be  excavated 
large enough to  run off all summer and  autumn floods without 
overflowing these lands-such shallow  lakes or washes giving,  as 
it were, time for the sluices to work effectively. Time was an 
important element in connection with  the floods and  the sluices; 
great floods being  generally of short duration, and  in most cases 
before the sluices became insufficient, as  they  might  in some 
very  great long-continued and exceptional flood, the downpour 
would have ceased. 

3. That  the works  should be carried out  and maintained by 
dredging,  and  that  the channels  should  be  deep in the  centre  and 
generally of the hyperbolic form. 

Much of the difficulty of devising drainage  plans arose from the 
want of previous observations of rainfall, floods, discharges, and 
the levels of the  water  at various places during floods, all of which 
required  a long series of years. In  the case of Lough  Erne,  he  had 
been greatly assisted by  the promoter, Mr. J. G. V. Porter, of 
Belleisle, Co. Fermanagh, who  furnished observations of the levels 
of the lakes taken  daily for many years. Mr. Porter  had been inde- 
fatigable for above sixteen  years  in  bringing  about  this work of 
drainage  and navigation ; many  plans were  previously worked out 
by eminent engineers, notably Mr. James Barton, M. Inst. C.E., 
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Mr. Price. and Mr. Lynanl ; though indebted to previous plans for  valuable 
data,  the present plan was  diverse in  many respects. Mr. Hawksley, 
Past-President  Inst. C.E., had been appointed  the Inspector by 
the  Irish Board of Works, to  report on the  plans;  these  met  with 
his approval, and  his  further suggestions had been adopted  as far 
as possible. 

To this work %15,@@0 had been contributed by  the Government, 
and S15,OOO by  the  surrounding counties  for the improvement and 
preservation of the navigation,  which sums together came to one- 
fourth of the whole cost, the  remaining  three-fourths being lent 
by  the  Treasury,  to be  repaid in  thirty-five  years  by a rate on the 
occupiers of the flooded lands ; the  rate would be about 5s. 4d. per 
acre. The improved value  which  had been estimated at 6s. 4d. per 
acre,  did  not, however, fully  represent  the  gain; it was  the value 
of the improvement in  ordinary  years;  but  every few years 
autumn floods take place, causing immense loss. For instance, the 
summer and  autumn of 1879 floods caused a loss estimated at  
%40,000. 

Mr. Reid. Mr. R. C. REID desired to  record some particulars of the flood, on 
the  9th of March, 1881, in  the  district of the  River Tweed, said to 
have been one of the  highest on record, on which occasion several 
bridges of the  North  British  Railway were so much damaged tlmt 
traffic  had  to be suspended for several days. The River  Tweed 
drained  the  Silurian  uplands of the  South of Scotland, the  height 
of some of the  hills  in its catchment  basin  being 2,500 feet above 
the sea. The flood in question took place  immediately after  tho 
break-up of the frost, when  the  hills were covered with snow 
several  feet deep. A thaw  set  in accompanied by  rain,  and  thus from 
the  melting of the snow made the flood more intense. The position 
selected for measuring  the  extent of the flood, was a t  Abbotsford 
Ferry,  about 1 mile below the point where  the Tweed  was  joined 
by  the  Ettrick.  The  drainage  area of these two  rivers at  the point 
was 362,726 acres, or about 565 square  miles;  and from measure- 
ments  taken  after  the flood had subsided it was found that  the 
river  had  risen 12 feet above its  ordinary level, and  that  its 
maximum  discharge could not have been less than 1,856,928 cubic 
feet per  minute,  or  at  the  rate of about 5 cubic  feet per  minute 
from each acre. 

Similar  observations  were made on the  River Gala,  which  joined 
the Tweed about 1 mile below Abbotsford Ferry.  This  river 
drained a district  similar  to  that of the Tweed, but  having a 
shorter  run  the flood was more intense. At  the town of Galashiels 
the  Gala  had a drainage  area of 4.7,334 acres, or about 75 square 
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miles, and  when  the flood reached its maximum the discharge lfr. Reid. 
there was 410,764 cubic  feet per minute, or fully 85 cubic  feet  per 
minute  per acre. 

The valleys in which  these  two rivers  ran were  comparatively 
narrow, so that  the area of land  damaged by  actual flooding was 
limited, but  the destruction of the  river banks  and of mills  and 
other  properties  along  side the river  was  unprecedented. 

the management of each  watershed  area ought  to be under the 
control of one general Board. He had  known great evils to  arise 
from  contending  interests. Of course, the various  river  systems 
would  require  different  treatment,  and  the  existing  interests  must 
be  interfered  with as little  as possible. A general  Conservancy 
Board might include all  interests,  such a8 landholders,  farmers, 
millowners, sanitary  authorities, towns,  and  villages,  water  supply, 
fisheries,  and  navigation. As to  the incidence of taxation, it was 
reasonable that both  lowlands,  midlands, and  uplands should con- 
tribute  in proportion t o  the benefits received. 

His experience  was  chiefly  concerned with  the  Upper Bann  river 
in the  North of Ireland, from living on its banks,  and  from having 
been connected for  many  years with  the Bann  Reservoir Company. 
The River  Bann rose in  the Mourne mountains, at  an elevation of 
2,198 feet above the sea, and flowed in  a  northerly direction 
through Lough Neagh, the  largest  lake in Ireland,  into the  North 
Atlantic Ocean, a t  Coleraine. It was 85 miles in  length,  and  its 
drainage  area  was 2,345 square  miles,  including the surface of 
Lough Neagh. It was the  third  largest  river  in  Ireland. Most of 
the branches of the Bann  also rose at  a  high elevation,  and  had a 
rapid  descent  towards Lough Neagh,  a  circumstance  which  had 
been taken  advantage of by  the  inhabitants on the banks, t o  build 
mills  driven  by  water-wheels,  and  which  contributed in no small 
degree t o  the establishment of the linen  trade  in  the  North of 
Ireland. As business  increased, it was  found that  the  supply 
of water  to  the  mills  in seasons of drought was insufficient. I n  
the year 1835, therefore, the Bann  Reservoir Company was formed 
to provide a better  and more regular  supply of water for the 
mills. The Company appointed the  late  Sir William Fairbairn, 
M. Inst. C.E., as  chief  engineer,  and Mr. J. F. Bateman,  Past- 
President  Inst. C.E., as  assistant. The construction of two  impound- 
ing reservoirs, Lough  Island  Reavy  and Deer’s  Meadow, and one 
auxiliary reservoir, Corbet Lough,  was recommended. Lough Island 
Reavy  reservoir  was the first  constructed  according to the plans, 
and  under  the superintendence of  Mr. Bateman,  and  was  finished 

Mr. J. SMYTH, Jun., concurred in  the opinion that,  as a rule, ~ r .  Smyth. 
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Mr. Smyth. in the  latter  part of the  year 1839. The Corbet reservoir was also 
constructed, but  not  to  the  full  extent contemplated,  as the 
embankments were made to impound only 11 feet 3 inches, instead 
of 18 feet  depth of water ; it was not completed until 1847. Lough 
Island  Reavy reservoir was situated  in a narrow  valley on the  north- 
east  flank of the Mourne mountains, and received three-fourths of its 
supply of water  through a  conduit from the Muddock river, a tribu- 
tary of the  Bann,  and one-fourth from the Moneyscalp river,  which 
did  not belong to  the  Bann  drainage  area,  but flowed into  the  Irish 
Sea near Newcastle. The  water was impounded to a depth of 
35 feet above the old  lake, and was 430 feet above sea-level. The 
area of the reservoir,  when full, was 250 statute acres, and  the 
capacity 270 million  cubic feet.' Difficulties had been met  with  in 
the  working of the reservoir, which a better  Act of Parliament,  or 
the  regulation of the  river  by a Conservancy Board, might  have 
prevented. The necessary supply of water from the reservoir 
was conveyed to  the  Bann for 6 miles down the Muddock river, 
which was sluggish  and  winding for the  last 3 miles, before it 
joined the  Bann,  and  its  banks were so low as to be  flooded after 
heavy  rain,  not only by  the  surplus  waters of the Muddock, 
but also by those of the Bann.  These floodings and minor ones 
caused by  the overflow over some of the lands, when  the  water 
was being sent down to  supply  the  Bann, owing to obstruction 
from weeds and  the  silting  up of the channel, had been the source 
of actions against  the Reservoir Company by  the  farmers  holding 
these lands. This difficulty arose from a dispute  as to whether 
the Company or the  riparian proprietors  should cleanse the stream. 
In  the end, it was decided that  the responsibility lay  with 
the Reservoir Company, who  therefore made an  arrangement  with 
the  farmers for the removal of the cleansings, and cleaned out  the 
Muddock river  in  the summer of 1878. The proper supply for the 
mills could be  now  secured without  the  channel overflowing. The 
directors of the Company had also erected  a  gauge-weir board 
across the  channel,  at a short distance below the discharge-pipes, the 
better to regulate  the  supply of water  sent down. From  the 
junction of the Muddock river  with  the  Bann  to  Errin's weir,  where 
the  surplus  water  was  caught  by  the feeder leading  to  the Corbet 
reservoir,  a distance of 8g miles ; there  were  about 30 feet of unoc- 
cupied and 7% feet of occupied fall on the  River Bann. At this 
weir,  daily measurement  was  made of the  quantity of water 

1 Vide Minutes of Proceedings  Inst. C.E., vol. i. (1841), p. 168; and Trans- 
actions of the  Inst. C.E. of Ireland, vol. is., p. 51. 
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coming down the  river,  and  the  amount of water  to be supple- Mr. Smyth. 
mented by  the reservoirs  was thereby regulated. The area of the 
Corbet reservoir was about 70 acres, when the  water was at  top 
level, or l l& feet above the discharge outlet.  The cost of these 
works had been about 530,000 ; the income was derived from a rate 
of S10 per  annum  per foot of fall, levied on linen bleachers, manu- 
facturers,  and spinners, and S5 on corn and flax-scutch millers. 
The  fall from the  outlet of Lough  Island  Reavy  to  the  tail-water of 
the  last  mill,  was 350 feet, of which, however, a t  present,  only 
180 feet could be  rated. Lough  Island  Reavy reservoir had been 
in  operation forty-one years, and  had  well borne out  Sir  William 
Fairbairn’s  anticipations of its utility in supplying  water  to  the 
mills. I n  his calculations  he assumed the  yearly  rainfall a t  Lough 
Island  Reavy  to be 36 inches, which at  that  time was considered 
the average for Ireland. Allowing  one-sixth for absorption and 
evaporation,  he concluded there would be sufficient water  to fill 
the reservoir one and a quarter  times on an average in  the 
year.  Subsequent observations within  the  drainage area of the 
upper Bann  river, showed an average annual  rainfall a t  Banbridge 
of 31 inches, a t  Lough  Island  Reavy of 45 inches, and  at  the 
Butter mountains of 83 inches. He assumed, therefore, the 
average rainfall in the  drainage area of Lough  Island Reavy, 
which was 5 square miles, as 60 inches, and consequently the 
year’s rainfall as 697 million  cubic feet. A fall of 30 inches a t  
the reservoir, equal  to 40 inches  over the whole area, was necessary 
to fill the reservoir from the  beginning of October to  the  beginning 
of April,  when it was generally  full. AB a rainfall of 23 inches 
over the area filled the reservoir, there  resulted a loss of two-fifths 
by absorption and evaporation ; but  as  the evaporation from the 
surface of the  lake  must  be  large,  and  there  was some loss at   the 
intake from a  portion of the  water occasionally getting over the 
weir, two-thirds  might probably  be  discharged into  the lake. It 
was, therefore, fortunate  that  Sir William Fairbairn had  estimated 
the  rainfall so low, as he  did not allow  enough for waste. Lough 
Island  Reavy  had  supplied  in  thirty-four years, an average  addi- 
tional amount of one-half the  summw  standard discharge for 
3,371 days, or, yearly  average of 99 1 days of twenty-four hours, 
and  had been empty 337 days, or  an average of 9 * 9 days. As 
the Corbet reservoir commanded the  surplus  water of 80 square 
miles of drainage, it was filled several times in the year, and 
supplied about  half as  much water as Lough  Island Reavy.  Add 
this  to  the  Lough  Island Reavy, and  there  was a total  supply of 
l 5 0  days. 
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Mr. Smyth. From  calculations  made of the amount of water  flowing down 
the  river  at  Ennis  weir,  he found there was an  average of about 
56 billion  cubic  feet in  the year.  The  normal flow kept  up  by 
the reservoirs  would  amount on the whole t o  about 2 billion 
cubic  feet;  and,  as one-half the  supply was  not  made  available, 
there would be an  advantage  in  constructing more reservoirs, 
not  only at  the sources of the  River  Bann  and  its branches, 
such as the Rocky and Leitrim  rivers,  but at  other  sites along 
the course of the  river,  where  land was  not  very  valuable t o  im- 
pound the  surplus  water, as had been done t o  a  limited  extent 
in  the case of the Corbet  reservoir.  About  five-eighths  or 
three-fourths of the  annual flow might  thus be conserved,  and 
the water-power  might  not  only be made  more  valuable, but 
enough  water  might  be provided  for a sanitary  supply t o  the 
towns on the banks of the  river. , The most important  towns 
were  Banbridge  with a population of six  thousand  inhabitants 
and  Portadown  with  eight  thousand.  The  drainage  area of the 
Upper  Bann was  only 134 square  miles, or one-nineteenth of the 
Bann or Lough  Neagh  drainage  system.  The  largest  tributary 
was the Blackwater  river,  with it drainage  area of 626 square 
miles, next  the Main river, 277 square  miles, then  the Balinderry 
rivers, 166 square miles,. and the  Upper  Bann  and  the Moyola, 
129 square miles. It was singular  that  reservoirs  had  not been 
constructed on any of these  but  the Bann. There were very 
important  towns on and near some of these  rivers,  and now that 
electric lighting was  being so much adopted,  a  portion of the 
water-power  thus  acquired could be used to  drive  the  electric 
machines.  These  reservoirs, too, would have a good  effect in 
diminishing the floods from  which the town of Portadown  and the 
extensive  lowlands in  the  vicinity of Lough Neagh  suffered. 
SO much  had floods been felt  in  past  years  that efforts  had been 
made by  increasing  the  discharging power of the Lower Bann  river 
(the  only  outlet  to the sea for the  entire  Lough Neagh  drainage 
area)  to lower the surface of the lake, and thus  free  the 
lands  in  its  vicinity. Mr. R. Manning, M. Inst. C.E., chief 
engineer to the Board of Works,  Ireland,  and Mr. \N. J. O’Neill, 
engineer  to the  Lough Neagh  Drainage  Trustecs,  had  furnished 
him  with  their  respective  reports on this subject. Mr. Manning’s 
report was  dated June  8th, 1877, and  he  quoted some portions of 
it: he  said,  “Lough  Neagh, which is  nearly 100,Ooo acres in 
extent, receives  waters  flowing from 1,865  square  miles of country. 
The  quantity of land ffooded by the rise of the lake  and  river  was 
nearly 30,000 acres, 21,000 of which are  situated above the  outlet 
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a t  Toome. In  the month of December, 1845, the  late Mr. McMahon, Mr. Smyth. 
C.E., submitted  to  the Board (of Drainage  Trustees) a report on 
the proposed drainage of the lands, and  the establishment of a 
navigation from the sea to  Lough Neagh.” . . . “ The works  were 
commenced in 1847, and were completed in 1858, with  little if 
any deviation from the  original design.” . . . “On the  10th of 
March, 1859, Mr. James Barton  examined the  state of the  naviga- 
tion works between Toome and Coleraine, and concluded his  report 
by expressing his opinion that  the  navigation works  were  a credit 
to  the  country  as a  public work.” “ I  may  be permitted  (after  my 
recent inspection) to  state  my  full concurrence in  this opinion, and 
to  add  that as the excavation necessary for navigation formed a 
part of that required for drainage also, the efficient execution of 
the one involves to a great  extent  that of the other. Speaking 
generally, it may be said, with  the exception of the present  year, 
when flooding occurred in  the  month of April,  the  lands above 
Toome have been completely  free from floods for seven months 
in every year, from April  to October, both inclusive. It appears, 
then,  that, considered as  an  agricultural  drainage,  the works, even , 

up  to  the present time  (certainly at  least  with respect to  all  grass 
lands), have been successful; they were quite so up  to  the  time of 
their completion, and  with  little exception for f i v ~  or six  years 
afterwards. But it is this  very success that  has caused the 
effects of the floods of last  winter  to be so severely felt  by  the 
occupiers. Low lands  have been turned  to  tillage,  and houses built 
upon them. This is especially the case in  the neighbourhood of 
Portadown, where factories and  streets of artizan’s  dwellings have 
been built on ground which, previous  to the drainage, must  have 
been under  water for months together.” As to  the causes of the 
flooding Mr. Manning said, “ I n  the present state of the  district, 
7 inches of rain  falling in two  winter months  (where there is little 
or no evaporation) will produce a  discharge which  will  partially 
flood the lands. ’The  great flood  of the 2nd and 3rd of February, 
1877, was preceded by it fall of 12.30 inches in the previous two 
months;  in  addition  to which the  rainfall  at  Hilltown,  near  the 
head of the  Upper  Bann  river, for the  year 1876 was 66 inches, 
the  average being about 48 inches, and  the maximum in previous 
years  being probably not more than 55 inches, the  large  rainfall 
would sufficiently account for the  great  and constant floods which 
occurred from December to  April  last,  but  the flooding during  the 
previous twelve  years (1864 to 1876) has in my opinion been 
mainly caused by  the insufficient area of the  channel from Toome 
to Portna.” . . . All the circumstances stated  point, therefore, 

[THE INST. C.E. VOL. LXVII.] Y 
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Mr. Smyth. distinctly  to  the  fact  that  the  channel a t  present  is  much less 
efficient than  at  the completion of the works, and  there can be 
little if any  doubt  that  the increased height of the  water  in  recent 
years  has  arisen,  mainly  if  not  entirely, from this cause.” 
In a  report  dated the  4th of December, 1877, Mr. W. J. O’h’eill 

showed  from  measurements taken at   the various  shoals or fords, 
how far  they  were insufficient in sectional  area t o  discharge the 
400,000 cubic  feet  per  minute,  contemplated  by Mr.  MacMahon 
as  necessary to  keep  the  maximum flood-level of Lough  Neagh a t  
a  height of 2 feet  above the present or improved  summer  level, 
and  in reference to  which  the  works  were designed  and  carried 
out. Mr. O’Neill had  supplied  him  with  additional  particulars. 
He said the former  summer  level of Lough  Neagh, before the 
improvements  were  carried  out, was 48 feet above the old ordnance 
or  trigonometrical  datum  (which  was  about 5.60  feet above the 
datum of the contours or bench mark levels). The  present 
summer  level was 46 feet  above old datum. In winter  the flood 
reached 49 feet,  and sometimes a few inches  higher. In 1856 it 
reached  from 2 to 6 inches  above 50 feet,  and one winter 52 feet. 
The cost of the  Lough  Neagh combined drainage  and  navigation 
works  had been,  for the former 5158,423 3s. 6d., for the  latter 
$104,574 10s. 4d. The  first  amount  had been reduced by a 
Government grant and moneys chargeable  to  counties  for  bridges 
to 5110,000 ; the second had been reduced by  a  Government  grant 
t o  537,137 10s. The  first  had been repaid in about  twenty-two 
years  by  a  tax on 29,597 acres 2 roods 32 poles of lands  drained 
and  improved ; the second by 740 townlands in county  Londonderry 
and 750 in county  Antrim, or 547,807 acres 3 roods 27 poles, of the 
annual  value of S429,656 10s. Mr. O’Neill further  said  there  were 
many  complaints  about the drainage in  wet years,  but  he  did not 
consider them  well founded, although  he believed the  district could 
pay for further  improvements  in  the Lower Bann  river. 

Several  other  plans  had  been mooted for  diminishing  these 
floods. Colonel Campbell, R.E., thought  relief  might be given 
by  making a cut deep  enough  to  take the surplus  waters  to  Newry 
vi8 Scarvagh, the summit of the  Newry  and  Lough  Neagh  canal. 
The  late Mr. Alexander Nimmo, M. Inst. C.E., when consulted 
upon the  supply of water  to  the  Newry  navigation,  reported, 6‘ The 
summit  level was 21 feet  above the lake, 3 miles  long, soil mostly 
soft,  much of it bog, and of little  relative value. It would be  a 
matter of great expense and difficulty  to cut it through,  and  to 
bring  the  surface  level of Lough Neagh through  the  valley  towards 
Newry.”  Such a scheme would of course now be hopeless ; it could 
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scarcely be accomplished at  a cost of S500,000, and at   that  time Mr. Smyth. 
(1822) it was opposed by some of the landholders. A canal  was 
once partly made from the River  Bann a t  Banbridge t o  join the 
Newry  navigation at  Scarvagh; it had  to be abandoned, however, 
being opposed by  the millowners on the  Bann on account of the 
loss of water it would have  entailed. 

of River  Conservancy in  England it might be useful  to  ascertain 
what was done in other  countries,  and it was possible to  learn some- 
thing from the  manner  in  which  the  Government was now dealing 
with  the  rivers  in  India, more especiallywith  the  rivers  in  Bengal 
and Orissa. The lower  reaches of these  rivers  were,  for the most 
part, embanked,  and the duties of maintenance  and  supervision of 
over 2,000 miles of embankment devolved  upon the officers  of the 
irrigation  department. This was  exclusive of a still  greater 
length of smaller  embankments on the subsidiary  rivers,  which 
were  kept  up  by  the  landlords. An idea of the importance of this 
charge  might be formed from the fact that  a  single  breach in the 
embankment  near Midnapoor caused the inundation of 35 square 
miles of country,  and  the  total  destruction of the crops. The 
early records of the country  did  not  give  much  information on the 
subject of the maintenance of the embankments. It was  clear, 
however, that from time  immemorial the cost of keeping  them up 
was  included in the  rent  payable  by  the  landlord,  and  that  the 
repairs  were  executed  by  them  solely,  and  apparently  without  any 
interference on the  part of the Government. At  the close of each 
year  a  deduction  was made from the  rent on account of the repairs 
executed during  the  year.  This was formerly the practice in 
Orissa; buk when the  English  Government took the province, in 
1803, the  control  and  repair of the most important  embankments 
were  taken  in  hand  by  the Government, but  at  the landlord's 
expense. The increased cost of Government  supervision  led  to 
petitions  being made by  the  landlords,  that  the  repairs  might be 
again  entrusted to  them,  and  a  deduction made from their  rents,  as 
was the practice  under the Mahrattas.  This  request was not 
complied with,  and  as  early as 1809 a committee of embankment 
was  constituted, composed of the principal  local officers, who 
submitted  estimates  for  repairs  to the Government for sanction. 
Various  changes  have from time t o  time been made in the personnel 
of the committee until  the  establishment of the Public  Works 
Department;  but  the  principle was always  maintained that  the 
responsibility  for the maintenance  rested in  the Government. I n  
Burdwan,  and  other  districts of Bengal,  much the same practice 

Mr. HOWARD UNWIN remarked that  in dealing  with  the  question Mr. Unwin. 

Y 2  
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Mr. Unwin. was observed. In 1783 the  Rajah of Burdwan was allowed a sum 
of 60,000 rupees for the work, but  after some years of neglect  the 
Government, in 1809, resumed their  management,  and  had 
retained it ever since. In the correspondence of 1803 the Com- 
mittee  charged  with maintenance of embankments  reported to  the 
Government, respecting an  estate  under  them,  that  the question is 
“not  what was  formerly allowed, but  what is desirable and 
expedient now to be allowed, and  we do not consider Government 
to be pledged to  keep  up embankments  if  such  embankments shall 
not conduce to the  general  prosperity  at large.” This principle 
had been embodied in  the various  Acts passed by  the  Bengal 
Council, from time to time, in  reference to  river embankments. 
The people, both owners and occupiers, recognised without 
question  the  right  and wisdom of Government  control  over all 
embanked  rivers. In more recent  years provision had been made 
in these Acts  for carrying  out works of improvement ; plans  and 
estimates  were prepared, objections were heard  and disposed of, 
and  the works were  fairly  paid for on completion by  the various 
estates,  in proportion to  the benefits derived. It might be argued 
that  the difference of land  tenure between England  and  India 
made it impossible to  apply  similar remedies, but  the broad fact 
remained that  the good of the  majority  was  the one thing needful, 
and it could not be left  to  the caprice of individual proprietors, but 
must  be  dealt  with by a central  authority,  acting  under  the orders 
of a strong  independent Government. 

Mr. Vescovsli. Mr. ANGELO VESCOVALI forwarded copies of his publications upon 
the  River  Tiber,  and  gave a  brief statement  in  regard to the 
present position of the question of the  Tiber.  To form a judgment 
upon the  question a  knowledge was  requisite of the facts and of 
the causes which produced them, of the  former of which Fig. 4 
furnished an accurate idea. This showed the  relation between the 
configuration of the flood-water surface and  the  nature of the 
bottom  between the  mouth of the Aniene and  the  railway bridge. 
The floods of the  Tiber in the neighbourhood of Rome took the 
form of the  line a b c d e f g  h ;  this  line  exactly corresponded with 
the condition of the bed of the  Tiber,  which was composed for 
the most part of shifting sand, readily  transported  in  time of 
flood, while  in  certain  parts  the bed resisted erosion, either from 
being formed of tufaceous rock, or from being encumbered with 
large masses of ruins  as  where it traversed Rome. Thus it 
happened  that  there was in a b a heading-up of water  due  to 
the immovable bottom k, the rocks of S. Giuliano, then a rapid 
b e caused by the scouring of the bottom k o l of the  tract 
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MP. Vescovali. between the rocks of S. Giuliano and  the city. Then followed a 
heading-up c cl due' to the immovable bottom l m, immense ruins 
stretching across the bed, particularly  under  the bridges, with a 
great  bank of water d e  in Rome itself; whence came the  rapid f 9 
as the  river passed out of the  city,  and finally the  natural  fall g 7b 
to  the sea. The cleansing of the bed of the  Tiber  through Rome 
was  therefore a most important  matter; for, if excavated to a 
sufficient depth,  about 10 feet below zero of the fluviometer a t  
R,ipetta, or 6 feet 8 inches below mean sea-level, it would have 
the effect of making  the bottom subject  to  scouring  action, where 
it was not so a t  present, and of increasing  the  waterways of the 
bridges, which were  now greatly reduced by  the masses of ruins 
which  lay  under  them  like weirs.l The execution of this work 
would certainly reduce the  height of the floods in Rome by  at 
least 5 feet. By  straightening  the course of the  Tiber between 
Rome and  the sea other 5 feet would be  gained, and  in  this  way 
the bed of the  Tiber  at Rome would be permanently lowered from 
10  to  13  feet;  the same result would be  obtained if, instead of 
straightening  the course, the canalization of the  river between 
Rome and  the sea were executed as proposed by his colleague, the 
engineer Cesarini. Were  all these  works  carried  out, the floods a t  
Rome would assume the form 5 v z y instead of c d f g, and  the 
amount of lowering dv would not be less than 10 feet.2 Parliament 
having assigned the  sum of S2,400,000 for the systematization of 
the  Tiber, S1,200,000 having been charged to  the  municipality of 
Rome, he, as engineer  to  the  municipality, designed the works so 
as  to  spend  about 51,600,000 upon those within  the  city,  and  about 
5800,000 upon those  between Rome and  the sea. 

In his design he excluded great  retaining walls  along the 
embankments  as too costly and difficult of construction, and 
proposed banks at  an  angle of 45", with handsome stone  revet- 
m e n t ~ . ~  The bed of the  Tiber  in Rome, and  thence  to  the sea, 
consisted of fine loose sand down to  about 65 feet below low water ; 
and it was only at  this  depth  that a small amount of clay was 
mixed with the  sand ; in  certain  rare instances  argillaceous ground 
having some solidity  was found a t  from 30 to 33 feet below low 
water. The foundations  for  walls more than 40 feet high above 

1 Vide " Studii Idrometrici sul  Fiume Tevere,"  pp. 25 to 29 ; Minutes of 
Proceedings  Inst. C.E.,  vol. xliii., p. 356; and " Ancora della Sistemazione del 
Tevere e specialmente  della Conservazione degli  Antichi  Ponti. " Minutes of 
Proceedings  Inst. C.E., vol.  lix.. p. 384. 

2 Vi& " Le inondazione sotterranee di Roma," pp. 19 to 22, and 23 to 36. 
a T i d e  Plate 2 of the Appendix, agli " Studii Idrometrioi sul  Fiume Tevere." 
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low water would therefore be very costly if made sufficiently solid. Mr. Veseovali. 
For this reason he excluded walls and proposed slopes; the 
difference in cost between the  two systems would be a t  least 
5960,000, being 51,450,000 for the walls, and 5485,000 for slopes ; 
the difference in  the  time  required for the execution of the works 
would be even greater  than  this proportion. Unfortunately,  with 
the idea of making a grander work, and  not believing that  the 
expense and difficulty would be so great for constructing walls 
along the  banks of the  Tiber, 64 miles in  length between the two 
banks, the Government had ordered walls. It had  already been 
shown, in  executing a few lengths,  that  the foundations could 
not be  executed  conveniently by  ordinary means, and therefore 
pneumatic caissons were now being  tried ; this system would 
succeed, but  the expense would be greater. The whole of the 
52,400,000 would be expended entirely upon embankment walls, 
and  there would remain nothing,  or  very  little, for constructing 
the  other necessary portions of the system, among which were the 
great collecting  sewers  for rendering  the  drainage of the  city 
independent of the  Tiber,  which would cost a t  least 5480,000. 
Parliament  had  recently recommended the Minister of Public 
Works to change the system,  as would be ~ e e n  from the Acts of 
Parliament accompanying the communication ; but  the Minister 
and  the Council of Public Works  were  not disposed to adopt the 
recommendation. This bad  direction to  the works of the  Tiber 
was unfortunate, for after  an immense outlay  the only outcome 
would be two handsome streets, one on each side of the  Tiber ; 
without affording greater  health  to  the city, and  security for the 
navigation of the  river down to  the sea might  have been obtained 
at even less expense by following the idea of the  hydraulic regula- 
tion of the  Tiber  with slopes. T’he lowering of the floods, there- 
fore, by rectification or canalization, could not be  obtained  even 
with  the addition of S800,OOO td the expense decreed by  Parlia- 
ment, because, by lowering the bed of the  Tiber  10  or 13 feet after 
having constructed the  great  embankment walls  upon  sand at  a 
depth .of only 16 feet below low-water level, almost certain  risk 
would be run of causing them  to fall. 

years, and  other causes tending to depress the landed interest,  had 
given  an  impetus  to  the movement aiming at  the  better  regulation 
of rivers.  Undoubtedly  much might be done to lessen the damage 
from time  to  time  incurred  by  the floodingof low-lying  land. But 
having acknowledged that  an  evil did exist, too much must not  be 
attributed  to artificial, and too little  to those natural, causes which 

Mr. LIONEL B. WELLS remarked that  the  wet seasons of late &fr. We& 
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~ r .  W&. it would be idle  to  attempt  to control, either  being beyond  control, 
or only to be regulated  by  an  unwarrantable  expenditure ; for, as 
Mr. Jacob  aptly remarked, flood had  evidently prevailed from pre- 
historic times. 

The  Bill passed by the House of Lords  last session and con- 
sidered by a Select  Committee of the House of  Commons, was 
doubtless  applicable to many rivers;  but  there were some, and  by 
no means the  least  important, whose interest seemed to be  jeopar- 
dised by the measure. All  rivers  and estuaries, whether  duly 
conserved by  existing  authorities,  left  in a state of nature, or 
having been brought  into  an artificial state, were  neglected and  in 
a worse condition than if nature  had been undisturbed, by the 
simple process of an application to the Local Government Board, 
and a report  in favour of the measure by  their inspector, followed 
by a  provisional  order,  were to be placed under  an  authority, 
which would have  the control, in  the first  instance, of the  waters 
of the river. The following  were clauses Nos. 3 and 4 of the 
proposed Bill 3. Any  twenty  or more owners, or any  twenty 
or more owners and occupiers. of whom one half a t  least shall be 
owners, of land of a rateable  value  in  the  aggregate of not less 
than  two thousand pounds, and  situate  in  any  river basin or 
contiguous river basins ; also any  sanitary  or conservancy authority 
having  jurisdiction  within  any  part of a river  basin or contiguous 
river basins, may  apply  to  the Local Government Board by  peti- 
tion, praying  that  such basin or basins, or any  part  or  parts thereof, 
may  be  constituted a conservancy district,  and  that a conservancy 
board may be  established therein,  having power to execute all  such 
works  as  may be required for the prevention of  floods in  such 
district,  and for carrying  into effect the purposcs of this Act. 
4. On the  receipt of the  petition  the Local Government Board may, 
if they  think a suficient prim& facie case has been made out,  and 
after  requiring, if they  think fit, security  to be given for any costs 
which  may be incurred  by  the Local Government Board in  relation 
t o  any local inquiry directed under  this section, direct a local 
inquiry  to  be made by an inspector, as  to  the expediency of con- 
stituting  the proposed district,  and as to  the  limits  to be  assigned 
to  such  district,  and  as to  such further  incidental  matters as the 
Board may think fit ; and  in  particular  the inspector shall  inquire 
what  lands  ought  to be described as lowlands, midlands,  and  up- 
lands, for the purposes of this Act, and  what works, if any,  have 
been  executed for the protection of any such  lowlands or midlands 
from floods, and  in  what proportion such lowlands, midlands, and 
uplands, ought  respectively to contribute  to  the expenses of the 
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conservancy board, or some of them.” These, he  thought,,  fairly Mr. Wells. 
illustrated  the  line  in which  action was  likely  to  be  taken ; and  in 
the Bill, as also in  the formation of the Committee to whom it was 
referred by  the House of  Commons, the  interests of navigation 
authorities seemed to have been overlooked. In the first part of 
the Bill, relating  to  the constitution of the conservancy district, no 
reference was made to  any  navigation  authority  in  the  instructions 
to  the inspectors, but  the proportion of owners and occupiers to be 
elected, the  rating of districts, and  the formation of what was really 
a drainage  authority, was arranged for, and from this procedure the 
only  exemptions  were in favour of the Conservators of the Thames, 
the Lea, and some of the  larger estuaries. It was difficult, and  in 
most cases impossible, to prove the former state of a river  which 
had been rendered  navigable. Take, for example, the Weaver ; the 
lower portion had much less fall  than  the  upper,  the  banks were 
low, and  the valley necessarily liable to floods. The  original Act 
for making  the  river navigable  was  obtained in  1721. Old plans 
showed the winding8 of the stream, and it was with difficulty that 
a  navigable draught of 4 feet 6 inches  was obtained. Weirs  had 
been built  and  the  water raised, but  at  the same time  the  river  had 
been straightened, widened, and deepened to 10 feet throughout 
the  navigable portion, 20 miles from its junction  with  the Mersey, 
and  by means of side sluices and movable weir-caps, floods were 
discharged  much more rapidly  than  the  original  river could have 
discharged them. Still floods occurred from time  to time, though 
less frequently  than  in  neighbouring valleys, and sufferers could 
show the damage to  their  property, in many cases called into 
existence and augmented in value by  the navigation, and  this 108s 
was much more likely  to  gain  attention  than evidence of what 
might  have been under previously existing  and  willingly forgotten 
circumstances, for there seemed to be a general impression that  the 
interests of drainage  and  navigation were  antagonistic, and al- 
though no doubt it often so happened, still it was not necessarily 
the case. The improvements in the Weaver, below the town of 
Northwich, during  the  last  twenty years, by  the removal of certain 
weirs and  enlarging  the capacity of others,  as well as by increasing 
the  sluicing power, had reduced the flood-level from 10 and 12 feet 
above the  gauge  at  Northwich  to  about 8 feet above that level. 
The  highest flood  of which  he could obtain evidence took place in 
1852, and  during  the  last  nine  years no flood had risen above 
7 feet 9 inches. 

Still it seemed probable that,  under  the proposed Bill,  a new 
authority would be created  which would have power t o  interfere 
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Mr. Wells. with the working of the  nasigation,  and on which the trustees of 
the navigation,  as  trustees, would have no representation ; and they 
might find the powers granted t o  them  by various  Acts of Parlia- 
ment,  which  had passed the ordeal of Committees of both  Houses, 
superseded by a  provisional  order of the Local Government  Board, 
granted on the report of their inspector. This appeared  a too 
rough  and  ready  a  way of disposing of powers granted  by  Parlia- 
ment  itself,  and  he  thought  that while the  Bill fostered by  the 
Local  Government  Board  should  give  facilities  for the improve- 
ment of the drainage of the country  where  necessary, the Board of 
Trade should see that  the inland  navigations  which  had so gene- 
rally suffered in  competition with railways, but were  nevertheless 
useful  auxiliaries  and afforded cheap  means of transit, should  not be 
still further hampered, and that  the Inspectors of the Local  Govern- 
ment Board  should be directed by  the  Bill t o  see that  the interests of 
navigation,  as  well  as of riparian owners, were  respected,  and that 
the exceptions to  the Bill  should  be  extended t o  all  important  tidal 
and  inland navigations. 

Mr. White. Mr. F. T. WHITE remarked that  the principal source of the River 
Witham was in South  Witham  pasture, from  which  point t o  
Lincoln  he  understood the  fall  to be about 56 feet. From Lincoln 
t o  deep water a t  Clayhole the  fall was stated,  in  the  Witham 
drainage reports, t o  be 32 feet 8 inches, giving  a  fall of about 
1 foot per  mile  throughout  the  entire course of the river.  A  depth 
of 5 feet of water was  maintained for navigable  purposes  by 
holding up  the  water  at  the  Grand Sluice, Boston, to  the  height 
of 9 feet. The local authorities  had concurred in  a measure  Act 
1880,” for the general  improvement of the  Witham outfall, below 
the Grand  Sluice;  with provision  towards the  joining of the 
Welland  also in this improvement, when  the  funds could be raised. 
A further measure,  Act 1881, had  been also adopted  for enlarging 
the  Grand Sluice, and for  widening  and  deepening the  river 
Witham above. 

13 December, 1881. 

JAMES  ABERNETHY, F.R.S.E., President, 
in  the Chair. 

The discussion  upon the Papers ‘‘ On the Conservancy of Rivers,” 
by Mr. Wheeler  and Mr. Jacob occupied the evening. 
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